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Trichothiodystrophy (TID), an autosomal recessive 
disorder characterized by sulfur-deficient brittle hair, 
identifies a group of genetic disorders with an altered 
synthesis of high-sulfur matrix proteins and a defect in 
excision repair of ultraviolet damage in fibroblasts of 
most TTD patients. In contrast to patients with xero­
derma pigmentosum (XP), TTD patients do not have 
an increased frequency of skin cancers. 
TTD patients may be grouped into four categories: 
1) those without photosensitivity and without a defect 
in excision repair of UV damage; 2) those without 
photosensitivity and with an excision-repair defect in 
the same gene as in XP-D (complementation group D); 
3) those with photosensitivity and with the XP-D re­
pair defect; 4) those with photosensitivity and with a 
repair defect distinct from that in XP-D. 
We present a brother and sister in the third category 
ofTTD. Clinically, the patients have brittle hair, short 
stature, ichthyosis, photosensitivity, nail and dental 
dysplasias, cataracts, mental retardation, and pyrami­
dal tract abnormalities. Diagnosis was made by hair 
mount, which shows the characteristic banding pat­
tern with polarizing microscopy, and by hair amino 
T richothiodystrophy (TID), or sulfur-deficient brittle hair, is a rare autosomal recessive disorder that may serve as a marker for a constellation of neuroectoder­mal symptoms [1-3]. Clinical features of TID vary widely in both nature and severity, ranging from 
those with only the hair defect [4] to those with the most severe 
spectrum of neuroectodermal symptoms [5]. In addition to the hair 
defect, which is the single feature common to all patients, abnor­
malities may include intellectual impairment, short stature, ichthy­
osis, photosensitivity, nail dystrophy, dental caries, cataracts, de­
creased fertility, neurologic abnormalities, bony defects, and 
Reprint requests to: Dr. Vera H. Price, Department of Dermatology, Box 
0316, 350 Parnassus 404, University of California, San Francisco Medical 
Center, San Francisco, CA 94143. 
Abbreviations: ERCC2, excision repair cross complementing rodent 
group 2 (gene); MRI, magnetic resonance imaging; TID, trichothiodys­
trophy; XP, xeroderma pigmentosum. 
acid analysis, which demonstrated decreased high-sul­
fur matrix proteins. Fibroblasts cultured from skin 
biopsies had a marked DNA excision repair defect sim­
ilar to the repair defect seen in XP-D. We have docu­
mented a unique dysmyelinating disorder on magnetic 
resonance imaging of the brain that might explain 
their mental retardation, marked hyperactivity, and 
neurologic deficits. 
Following the discovery that the human excision re­
pair cross complementing rodent ultraviolet group 2 
(ERCC2) gene is able to correct the ultraviolet sensi­
tivity of XP-D cell strains, the ERCC2 cDNA from 
previous TTD patients was sequenced and shows 
frameshifts, deletions and point mutations in the 
ERCC2 gene. Molecular analysis of our patients is in 
progress. Molecular analysis of the defects in ERCC2 
in clinically distinct patients with XP, XP /Cockayne's 
syndrome, and TTD may provide insight into the mo­
lecular mechanisms of these genetically related but 
clinically distinct disorders. Key words: dysmyelination/ 
xeroderma pigmentosum/sulfur matrix prouin. J Invest Der­
matol10J:1S4S-1S8S, 1994 
immunodeficiency. TTD has previously been referred to as BIDS, 
IBIDS, PIBIDS, or Tay syndrome, depending on the range of man­
ifestations in this heterogeneous disorder [6], and a classification 
based on extent of involvement has been proposed [7]. 
Biochemical studies have demonstrated that the cystine content 
of the abnormal hair is approximately half of normal. This de­
creased cystine content results primarily from a major reduction 
(10%, compared to 40% to 45%) and altered composition of the 
constituent high-sulfur matrix proteins [8]. 
The fibroblasts of many patients with TID, with or without 
clinical photosensitivity, have a defect in the excision repair of ul­
traviolet (UV) damage. In most cases, the repair defect is im the same 
gc;nias in xeroderma pigmentosum group D (XP-D) [9]. However, 
in a few cases the repair defect appears to be in a different gene [10]. 
Despite the defect in excision repair , TID patients have no in­
creased frequency of skin cancers. Cockayne's syndrome is another 
neuroectodermal disorder in which patients have a defect in UV­
sensitive nucleotide excision repair without increased skin cancers. 
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Figure 1. Siblings B.D. (top photos) and J.D. (bottom photos). 
The characterization of the hair, brain, UV sensitivity and DNA 
excision repair defects of two siblings with TID and photosensitiv­
ity is presented to better elucidate the basic underlying mecha­
nism(s) causing their disorder. 
CASE REPORTS 
Two siblings , a boy, B.D., age 8 years old, and his sister J.D., age 5 
years old, were studied (Fig 1). B.D. was initially seen in the Genet­
ics clinic for brittle hair, partial alopecia, dry skin, hypohydrosis, 
chronic drooling, and moderate developmental delay. He had con­
genital external femoral torsion. His hair was reportedly normal 
until 1 year of age, when he developed pneumonia and subsequently 
lost all his hair. Thereafter, he had very slow regrowth of brittle 
scalp hair. The clinical manifestations of the syndrome are milder in 
his sister, J.D. Both children had a history of photosensitivity. Their 
clinical features are summarized in Table I. Urine screen for inborn 
errors of metabolism was negative for B.D. There is no family 
history of fragile hair. 
METHODS 
The siblings we�e evaluated in the Dermatology clinic and their 
hair was examined by light and polarizing microscopy, which sug­
gested a diagnosis of TID. The diagnosis was confirmed after hair 
specimens were sent to J.M. Gillespie who performed amino acid 
analysis of the hair according to previously published methods [11 ]. 
Skin biopsies were obtained and fibroblasts cultured for UV sen­
sitivity [12j, DNA excision repair [13], and molecular studies. 
The siblings were referred for developmental and neurologic 
evaluations. Magnetic resonance imaging (MRI) of their brains was 
obtained. 
CHARACTERIZATION OF HAIR 
Light microscopy of scalp hair from our patients shows trichoschisis 
and trichorrhexis nodosa-like fractures, and polarizing microscopy 
shows the characteristic bright and dark regions (Fig 2), previously 
described for other TID patients [14]. 
156S CHEN ET AL 










Sociable, out-going, hyperactive personalities 
Neurologic defects: speech delay, ataxia, poor coordination 
Amino acid analysis of scalp hair is summarized in Table D. The 
cystine content and high-sulfur components are much lower than 
normal, and the low-sulfur components are higher than normal. 
BIOCHEMICAL STUDIES 
Fibroblasts cultured from skin biopsies of B.D. and J.D. show ex­
treme sensitivity to ultraviolet light with a D37 (dose at which 37% 
of the cells survive) far below normal range, which is consistent 
with a diagnosis of trichothiodystrophy and XP-D (Table m). 
Based on these studies, their cells appear to be sevenfold more sensi­
tive to killing by UV than normal cells. 
The number of sites involved in DNA repair, measured by [3H]_ 
thymidine incorporation during 6 h after a dose of 13 J / m2 of UV 
light in the cultured fibroblasts of these two patients was greatly 
reduced compared to normal controls (Table m). 
BRAIN IMAGING 
MRI of the brain of B.D. and J.D. shows striking lack of myelina­
tion (Fig 3). Their white matter is of high signal intensity com­
pared to the cerebral cortex on T2-weighted images, the reverse of 
the intensity pattern in normal myelinated brains in which white 
matter is dark compared to the cerebral cortex. Myelin formation is 
believed to be the cause of the decreasing signal intensity of the 
white matter on T2-weighted MR studies, as the loss of signal 
correlated temporally and spatially with the formation of intact 
myelin sheaths, as determined histochemically [15]. The lateral 
ventricles of B.D. are larger than those of his less severely affected 
sister, J.D., indicating a loss of periventricular tissue, possibly a 
consequence of dysmyelination (axons may degenerate after de­
myelination) [16] . The MR abnormalities may account for the 
Figure 2. Polarizing microscopy of hair of B.D. showing bright and 
dark bands. 
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Table D. Amino Acid Analysis ofHak 
Normal 
Control B.D. J.D. TID 
Half cystine (mole %) 16.3 9.0 8.0 7.1 
Percentage low S components 51.3 86.6 77.8 86.0 
Percentage high S components 48.7 13.9 22.2 14.0 
global developmental delay and pyramidal abnormalities of these 
siblings. 
MOLECULAR ANALYSIS OF TID PATIENTS 
Complementation studies have shown that normal DNA synthesis 
is restored in cells obtained by fusion of TID cells with normal cells 
or XP cells other than group D cells; fusions of TTD cells with 
XP-D cells fail to complement. Subsequently, the gene for XP-D 
was identified as the previously cloned ERCC2 (excision repair 
cross complementing) gene [17 -20]. This gene, with high homol­
ogy to the yeast gene RAD3, is located on human chromosome 
19q13.2 [21], and encodes a 760 amino acid protein that is a DNA 
helicase. Direct transfer of the ERCC2 gene confers partial UV 
resistance to XP-D cells in vitro. 
Molecular analysis of approximately 1 kilobase of the 2.4 kilo­
bases ofERCC2 cDNA in nine TTD cell lines that show a defect in 
DNA repair (not including B.D. andJ.D.) has revealed point muta­
tions, -1 frameshifts, and deletions due to splice site alterations 
(CA Weber and AR Lehmann'lersonal communication). Most of 
these alterations affect conserve helicase functional domains of the 
protein. Analysis ofERCC2 from fibroblast cultures from B.D. and 
J.D. is in progress. 
DISCUSSION 
We studied two siblings with TID to better characterize and un­
derstand the underlying mechanism of this heterogeneous neurocu­
taneous disorder. Clinically, our patients B.D. and J.D. are at the 
moderate to severe end of the spectrum for TTD. Our patients 
resemble those who have XP-D in that they show similar UV 
sensitivity and DNA excision repair defects in the fibroblasts. How­
ever, they differ from XP-D patients in that they have distinct hair 
abnormalities, and TTD patients do not have an increased risk for 
cutaneous malignancy [22,23]. Our patients have a slow and awk­
ward gait, difficulty with tandem walking, brisk deep tendon re­
flexes, occasional clonus, and developmental and speech delay, all 
consistent with the finding of dysmyelination in the cerebral hemi­
spheres on MRI of the brain. It is known that abnormal myelin is 
unstable and may break down over time [24], thus it is reasonable to 
hypothesize that the siblings reported herein produce abnormal 
myelin. Similar MRI findings of central nervous system dysmyelin­
ation have been reported in only one other TID patient, a 12-year­
old girl with severe psychomotor retardation [25]' Computed to­
mography scans of the brains of other patients with ITD have 
showh partial agenesis of the corpus callosum, cortical atrophy (ab-
I 
Table DI. Photosensitivity and UV Repair 









• Dose of UV (254 nm) at which 37% of the cells survive. 
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stract, Sixth International Congress of Pediatric Dermatology, Tor­
onto, Canada, 1992), slight ventricular enlargement, diffuse high 
signal from white matter, and low signal in the basal ganglia [26]. 
The molecular basis for the spectrum of clinical findings for 
XP-D, TID, and Cockayne's syndrome and the exact relationship 
between these disorders remain to be fully elucidated [27,28]. One 
hypothesis is that the TID and XP-D genes are physically linked, 
overlapping genes, where single-base mutations affect both loci. An 
alternative hypothesis is that the TID and XP-D genes are in fact 
c 
Figure 3. A, MRI of brain of normal, 9-year-old boy. B, MRI of brain of 
J.D. shows that the white matter is of high signal intensity compared to the 
cerebral cortex, which is the reverse of the findings of a normal brain, as inA. 
The high signal indicates a lack of myelination. The high signal in the center 
of the scan represents cerebrospinal fluid in the lateral ventricles. The low 
signal immediately adjacent to the lateral ventricles represents the bodies of 
the caudate nuclei. C, MRI of brain of B.D. also shows high signal of the 
cerebral white matter compared to the surrounding cerebral cortex. The 
high signal in the center of the scan represents cerebrospinal fluid in the 
lateral ventricles. Notice that the lateral ventricles in patient 11.0. are larger 
than the lateral ventricles in his sister ].0., indicating loss ofaxons. The low 
signal immediately adjacent to the lateral ventricle on the left side represents 
the body of the caudate nucleus. 
the same gene. Recent evidence supports the notion that TID, 
XP-D, and Cockayne's syndrome may represent a transcription 
syndrome, and may actually be one disease entity ([29,30] and pri­
vate communication, JHJ Hoeijmakers). XP-D!ERCC2 may be 
part of the transcription factor TFIIH complex that regulates gene 
transcription and may direct repair enzymes to sites of damage. 
We hypothesize that TID is a sulfur matrix protein defect that 
affects many organ systems. However, the basis for this sulfur ma­
trix protein defect is not known, nor is it clear what the relationship 
is between the sulfur matrix protein defect and the DNA excision 
repair defect. It will be important to analyze other tissues of TID 
patients besides the hair and skin for amino acid composition and 
DNA excision repair. Studies are underway to analyze the lenses 
obtained from cataract surgery for B.D. and J.D. 
In summary, TID is characterized by brittle hair that is low in the 
high-sulfur amino acid components and high in the low-sulfur 
components compared to normal. UV sensitivity and DNA excision 
repair defects are similar in many patients to those found in XP-D 
individuals. The neurologic findings in our two siblings and their 
brain MRI studies are consistent with a loss of myelin or axons, 
possibly secondary to a sulfur matrix protein defect. The molecular 
basis of TID, its relationship to XP-D and Cockayne's syndrome, 
the basis of the sulfur matrix protein defect, and the role of DNA 
repair proteins remain the most intriguing and fascinating issues of 
this heterogeneous neuroectodermal disorder. 
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